The study of Early j urassic provincialism has focussed on few invertebrate groups, especially arnmonoids, brachiopods and bivalves (Donovan 1967; Geczy 1973 Geczy , 1984 Geczy , 1985 Enay 1980; Dommergues 1982; Enay & Mangold 1982; Hallam 1984a; Crame 1986 Crame , 1991 Doyle 1987; Ziegler 1988 Ziegler , 1991 Ziegler , 1992 Riccardi 1991; Damborenea 1993) . For a long time, the particular interest in this interval (from Hettangian to Toarcian) has been a reflection of the strong provincialism represented by the separation of T ethyan and Boreal provinces (Neumayr 1882 (Neumayr , 1883 Uhlig 1911; Arkell 1956; Gordon 1970; Hallam 1975 Hallam , 1983 Hallam , 1984a Bate 1977; Enay 1980; Copestake & johnson 1984; Cariou et al. 1985; Liu et al. 1998) . Since the 1970s it has become clear that various micro fossil biogeographic provinces could also be distinguished (Gordon 1970; Bate 1977; Lord 1982 Lord , 1988 Herrig 1988 Ziegler et al. 2[(( 1) . In order to examine ostracod palaeobiogeographical patterns, we fucused on 19 areas and 96 sections (Fig. 1, Table 1 ). Herrig 1969a ,b Herrig 1979 , 1981a ,b,c, 1982a ,b, 1985 Triebel & Bartenstein 1938 Triebel & Klingler 1959 Gramann 1963 Malz 1971 Ohm (Fischer et aL), Fischer et aL 1986 Fischer 1961a ,b, 1962 Klingler 1962 Beher 2004 Beher et al. 2001 Malz 1975 Knitter 1983 Knitter & Ohmert 1983 Knitter & Riegraf 1984 Riegraf 1984 Harloff 1993 Harloff & Jager 1994 Beher 2004 Beher et al. 2001 Exton & Gradstein 1984 Ainsworth 1986a ,b, 1987 , 1989 Ainsworth & Horton 1986 Ainsworth et al. Koch 1987; Magurran 1988; Mapples & Archer 1988; Hengeveld 1990 ). jaccard's Index is calculated by dividing the number of species found in both of two samples (c) by the number found in only one sample and the other (a and b) and then multiplying by 100:
where c is the number of species in common; a is the number of unique species to community 1; and b is the number of unique species to community 2. This paper considers the agglomerative clustering method UPGMA (Unweighted Pair Group Method with Arithmetic mean) because it provides an unweighted arithmetic average between individuals (Hazel 1970; Anderberg 1973; Sneath & Sokal 1973; Everitt 1980; Romesburg 1984; Podam 1989; Shi & Waterhouse 1990; Shi 1993) . All analyses were done using the statistical software package NTSYS 2.02 (Rohlf 1997) .
Results
The classifi cation of the 19 areas analysed in terms of their similarities to the ostracod assemblages is shown in Figure 2A -D. For the Hettangian ( Fig. 2A) , the analysis shows two main groups that reveal a major separation between the notth and central and the southern European faunas. With the exception of Western Australia, resemblances generally decreased as the geographical distances to the Tethys Ocean increased. Considering this gradient of likenesses, we used two threshold values to discuss the groups formed at different levels. By using a conservative value of 0.30 similarities, a large group is formed that encompasses the Paris Basin, central England, Wales and southern Germany. Additionally one small group is distinguished, comprising Northeastern Germany and Portugal, which implies that the members of these pairs are equally similar to the Western European ostracod assemblages. Within the main group a com pact core (British and the Paris basins) is differen tiated, which is included by entities having similarities between them of at least 0.40. Southern Germany is excluded from this core, thus it is the least related to the remaining entities, which constitutes central Eur ope. Contrary to our expectations based on our pre vious knowledge of Portuguese fauna (Arias 1995) using this threshold we left Portugal out of the main group. The second group includes European area located on the northern margin of the European Epicontinental Sea (Danish Embayment, southern Sweden and the Fastnet Basin).
Similarities among studied assemblages for the Sinemurian are represented by the dendogram. Fig  ure 2B shows a division between all northern and cen tral and southern European areas. The grouping of the analysed entities was notably modifi ed when we used the highest similarity value (0.50). At this level, two well-defi ned groups are formed, and only the North Sea and Italian assemblages remained as iso lated entities. The main group, located in the upper section of the dendogram, comprises all entities located in northern (Swedish Danish, northern Ger man assemblages) and central European areas (south ern Germany and the Paris Basin), which together correspond to the northeastern margin and central areas of the European Epicontinental Sea. The second group includes the British basins (as far notth as the Fastnet Basin, as well as western British basins, both located on the northwestern margin of the European Epicontinental Sea), Quercy and Notthwestern Africa basins (together situated on the southwestern margin of the European Epicontinental Sea). Surprisingly, Portuguese assemblages did not cluster with the sec ond one (British Basin-Quercy-NW Africa), forming an independent group (Fig. 2B ). Western Australia is associated to both clusters.
For the Pliensbachian (Fig. 2e ) two major clusters were obtained. With the exceptions of Western Aus tralia and Canada, similarities reduced as the spatial distances to central European Epicontinental Sea increased. Bearing in mind this similarity, we used two threshold values to examine the clusters formed at different ranks. By using the value of 0.40 similar ity, an important group is formed that includes the Cordillera Iberica (Spain) , Quercy (southern France), Zambujal (Portugal) and the Fastnet Basin (south west Ireland). Additionally two small groups are dis tinguished, one comprising the Cordillera Iberica Quercy, and the other, Portugal and Fastnet Basin. Within the main group a compact centre is differen tiated, within which is included entities (Cordillera Iberica and Quercy) having similarities between them of at least 0.78. The other main group, located in the lower part of the dendogram, comprises all entities located in German and Danish basins, which corre spond approximately to the northeastern margin of the European Epicontinental Sea. Contrary to our expectations, using this threshold left central England out of the both main groups and formed a free clus ter related to the central and southwestern European assemblages, showing the high similarity values to the Cordillera Iberica. Swiss (Sz) and Italian assem blages (I) are separated from the remaining areas. Canadian assemblages show a minimum similarity with the rest of studied area. The biotas of Western Australia and Argentina make up independent 
c===� �= == == == == == == == == �EG L��= ={: :: :: :: :: :: :: :: :: :: :: c Pliensbachian branches. Argentinean faunas show higher values of similarity with European than Western Australian does ( Fig. 2e ).
The Western Australian area exhibited the lowest similarity relative to the rest of the sites during the earliest Toarcian (Fig. 2D) . The fi rst level shows two large groups: one comprises the western and central European assemblages (Cordillera Ther ica, the Paris Basin, Quercy, southern Germany, Switzerland and central England), and the other group sites along the western margin of the Eur opean Epicontinental Sea comprise assemblages from Portugal, the Fastnet Basin and eastern Canada. The highest similarity within the central European areas was between southern German and Swiss assemblages, showing both the highest faunal similarity with central England. The areas of Zarn bujal, Portugal and the Fastnet Basin, in the wes tern part of European Epicontinental Sea , form a group with considerably high similarity, and although are physically closest to the Cordillera Therica, they are included in a different cluster.
Finally, the Western Australia assemblages are the least similar to the European assemblages.
Compiling all the results demonstrates the evolution of the similarity between Early jurassic ostracod assemblages. At the beginning of the Early jurassic (Fig. 3A ), the cluster analysis shows an initial division between northern and central European ostracod assemblages along the North Sea. This boundary during the Sinemurian (Fig. 3B ) situates along a line, which passes through central Europe, between British and the Paris Basin and German areas. The main transformation took place during the Pliensbachian (Fig. 3e) , with the boundary located between eastern (German and Danish basins) and western European basins (French and the Iberian Peninsula basins). The boundary is now located eastwards of the previously described position, with British assemblages main taining as an independent group. During the earliest Toarcian, Tenuicostatum Zone, the boundary line experiences a distinctive westvvard movement and the Portuguese and the Fastnet Basin ostracod assemblages become an independent unit from the rest of European areas (Fig. 3D) . could have affected palaeobiogeographical results. In this study, the presence of different physical barriers (emerged lands, ocean currents, deep water and water chemistry), water temperature changes, sea level varia tions and changes in ocean circulation are considered as forcing agents of the palaeogeographical evolution during the Early jurassic.
Depth and water temperatures
Benthonic ostracod species of the platform environ ments are characterized by their broad geographical ranges but show certain restriction in relation on the depth. Depth, in itself, is not the most important fac tor because its influence lies principally in its effect on other factors, such as, the water temperature, density or light intensity. Temperature has always been regarded as one of the most important factors in con trolling the distribution of ostracod species (Whatley 1988) because it controls such factors of ostracod ecology, such as breeding season, abundance of individuals, food supply, size, etc. Early jurassic ostracod faunas reached their highest diversity in mid -shelf, warm-water tropical and sub tropical environments, where shallow carbonates were deposited (i.e. the area between the line, which con tains the Bohemian, the Rhenish-London-Brabant and the Iberian massifs, and the Irish Massif, or warm carbonate platforms along the northwestern African coast). Meanwhile deep-water clastic sequences, deposited at higher latitudes in cooler water settings (clastic deposits located between the Fennoscandian High and the Bohemian Massif; and the Lusitanian and the Fastnet basins) are characterized by lower diversity assemblages. This factor could partially explain why Irish and Portuguese ostracod assem blages form an independent cluster during the Pliens bachian-Toarcian transition (Arias 2007b).
Conventionally, the water temperature and salinity are considered as the major controlling factors on local distribution of invertebrate faunas (Donovan 1967; Gordon 1970 Gordon , 1975 Howarth 1978; Brown 1988; Whatley 1988; Riccardi 1991; Rosenzweig 1995; Rohde 1998; Gaston 2000) . jurassic climate is charac terized by being warmer and more equable than the present climate (Frakes 1979; Parrish 1982; Parrish & Curtis 1982; Hallam 1984b Hallam , 1994 Frakes et al. 1992; Scotese 2001) . These ideas are in disagreement with recent fi ndings that suggest the occurrence of short cold episode during the Early jurassic, particularly at Climate-sensitive sediment distribution (of such lithologies as coal, evaporite and carbonate) provides a particularly useful means of interpreting Early jurassic palaeoclimates (Robinson 1973; Gordon 1975; Frakes 1979; Parrish 1982; Hay et al. 1982; Man speizer 1988; Frakes et al. 1992) . Frakes et al. (1992) categorized Early Jurassic marine environments in a series of regional climate zones by integrating global lithological data distribution. Following this zonation, temperate and humid conditions would dominate across the northern margin of the European Epiconti nental Sea and Western Australia; subtropical climate conditions in the middle of the European Epiconti nental Sea and southern Argentina; and tropical cli mate conditions along the North Africa coast and the Iberian Peninsula. Palaeontological proxies also con fi rm the existence of this equator-to-pole surface-tem perature gradient, with temperate water from European Epicontinental Sea and a subtropical and tropical Tethys Ocean (Vakhrameev 1964; Hallam 1972 Hallam , 1975 Frakes 1979; Rees et al. 2000; Arias & Whatley 2004; Arias 2007a,b) .
Because the reliability of the available oxygen iso tope measurements is questionable, climate simula tions models have computer-generated sea surface temperature (Kutzbach & Gallimore 1989; Chandler et al. 1992) . Sea surface temperature simulations indi cate the presence of warm polar waters (seasonal range between 3.5-9.5°C), a low equator-to-pole tempera ture gradient of 22.2°C, and an east-west equatorial temperature gradient (from 25°C in the eastern Panthalassa, to 32°C in the west Tethys). Climate models indicated that the European Epicontinental Sea was a tropical sea (with sea surface temperature of up to 25°C year round, reaching 15°C in autumn and less than lOOC in spring) and that Western Australia and Argentinean areas exhibited a similar sea surface temperature range (18-24°C) (Kutzbach & Gallimore 1989; Chandler et al. 1992) . This thermal gradient across the central Pangaea is also explained by the development of the break-up of the supercontinent Pangaea, and the topography of the new proto-Atlan tic rift (Gordon 1975; Manspeizer 1988 Therefore, the majority of Early j urassic palaeocli matic data show the existence of a latitudinal thermal gradient in both hemispheres. Ostracod assemblages seem to be confi ned to distinct biogeographical areas, reflecting water masses with a particular temperature regime, e.g. large, thick-shelled ornarnented cytheroid dominate mid-and high-latitudes, meanwhile orna mented and smooth healdioids and bairdioids, and cytherellids prevail in low latitudes. Initially, this sharing out could correspond to temperate and warm-water ostracod faunas, respectively. However, the ostracod assemblages distribution is neither spa 
Sea level changes and physical barriers
The Jurassic was a time of major sea-level (Vail et al. 1977; Hallam 1978 Hallam , 1984a Hallam , 1988 Haq et al. 1987 Haq et al. , 1988 Hardenbol et al. 1998; Meister & Stamfli 2000; GOmez & Goy 2002 ostracod assemblages during the Pliensbachian (Fig. 3C ). Early Toarcian (Fig. 3D) (Fig. 2C,  D) .
Nevertheless, the most remarkable aspect of cluster results was that during the Pliensbachian ( Their posterior total opening would explain the west ward movement of the boundary during the earliest Toarcian (Fig. 2D ).
The most significant was the aperture of the Hispanic Corridor (Smith 1983 (Fig. 2D) .
Water masses and ocean circulation change
The importance of marine currents in governing faunal migration is out of doubt. Several authors have attempted to reconstruct the palaeocurrent pat terns of the Jurassic oceans from the research on the rate and routes of fossil migration (Ager 1975; Enay 1980 (Fig. 4A, B) . 
